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Abstract 

Some wasp species use spiders as food resources, overcoming several anti-predator barriers that are exerted 
by spiders. 7romatobia ichneumonid wasps are spider egg predators that usually attack Araneidae species, 
although there are few records of predation on Clubionidae, Philodromidae, Linyphiidae, Tetragnathidae, 
and Theridiidae spiders. Here, we describe the interaction between Tromatobia sp. and Chrysso compressa, 
a subsocial theridiid spider that exhibits extended maternal care, in the Atlantic Forest of southeastern 
Brazil. We observed that the larva of Tromatobia sp. develop inside the egg sacs of C. compressa, preying on 
the entire egg mass and building cocoons that change the color and morphology of the egg sacs. Despite 
these structural modifications, we registered an adult female of C. compressa guarding and caring for the 
cocoons (attacked egg sac) of the predators as if they were offspring (non-attacked egg sac). To the best of 
our knowledge, this study represents the first record of Tromatobia preying on Chrysso eggs. 
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Introduction 


Wasps are important natural enemies of spiders and adopt several foraging strategies 
to subdue their prey (Rayor 1996). For example, some wasp species act exclusively as 
koinobiont ectoparasitoids (polysphinctine wasps sensu Gauld & Dubois, 2006) or 
predators (spider-hunting wasps — Crabronidae, Pompilidae and Sphecidae; Mayr et 
al. 2020) of juvenile, sub-adult, or adult spiders. Some other wasp species are special- 
ized in attacking and parasitizing individual eggs (e.g., Baeus Austin, 1985) or consum- 
ing part of the egg mass of spiders (e.g., Zromatobia Gauld et al., 2002). Consequently, 
spiders have evolved anti-predator mechanisms that prevent wasp attacks. 

Spiders can minimize predation risk by avoiding detection, recognition, and access 
to predators by using several defensive cues and behaviors (Pekar 2013; Gawryszewski 
2017). The anti-predator strategies of spiders include crypticity, mimicry, construction 
of three-dimensional webs (Blackledge et al. 2003) and refuges, presence of thick silk 
barriers in egg sacs, extended parental care, and, in some extreme cases, group living 
and sociality (Pekar 2013; Gawryszewski 2017). Understanding how wasps overcome 
these barriers and succeed in capturing spiders is an interdisciplinary research topic 
that combines studies on ecology, evolutionary behavior, physiology, and phylogeny. 

Darwin wasps of the genus Tromatobia Foster, 1869 are specialized in attacking 
aerial-web building spiders (Fitton et al. 1987, 1988; Finch 2005; Yu et al. 2016; Broad 
et al. 2018), completing their larval life cycle inside spider egg sacs, and consuming 
part or the entire egg mass (Austin 1984, 1985; Villanueva-Bonilla et al. 2016). There 
is high interspecific variation in the number of eggs, from one to 14, that Tromatobia 
females can lay inside spider egg sacs (Nielsen 1923). This variation also occurs within 
the same species, as Tromatobia blancoi Gauld, 1991 can produce six-nine eggs per 
egg sac of the spider Avaneus thaddeus (Hentz, 1847) (Jiménez 1987). Although rare, 
most reports of 7romatobia-spider interactions involve Araneidae species of the genera 
Araneus, Araniella, Argiope, Cyclosa, and Zygiella (e.g., Nielsen 1923; Jiménez 1987; 
Fitton et al. 1988; Quicke 1988; Oehlke and Sacher, 1991; Cortés et al. 2000; Sobczak 
2012), indicating fine specialization for this family. However, there are a few records 
of Tromatobia attacking Clubionidae, Philodromidae, Linyphiidae, Tetragnathidae, 
and ‘Theridiidae species (e.g., Austin 1985; Fitton et al. 1988; Oehlke and Sacher 
1991; He et al. 1992). In fact, knowledge about the biology, ecology, and behavior of 
interactions with these minor hosts is scarce and requires further field observations and 
experimental studies. 

Herein, we report the interaction between the egg predator wasp Tromatobia 
sp. (Ichneumonidae) and the cobweb spider Chrysso compressa (Keyserling, 1884) 
(Theridiidae) in the Brazilian Atlantic Forest, with notes on the behavior of the 
C. compressa guarding the predator’s cocoon. 


Taking care of the enemy: egg predation by the wasp Tromatobia 105 


Materials and methods 


Study species 


Chrysso compressa belongs to a genus with 64 valid species distributed mainly in Ameri- 
ca and Asia (Levi 1957; World Spider Catalog 2022). Some of these species are known 
to exhibit subsocial behavior with extended maternal care (Miller and Agnarsson 2005; 
Yip and Rayor 2014). Such behavior involves a temporary period of coexistence of 
offspring in the maternal nest, when spiderlings cooperate in prey capture, feeding, 
and web maintenance before they disperse and live solitarily (Lubin and Bilde 2007). 
Chrysso compressa occurs in the Brazilian Atlantic Forest, where it constructs irregular 
webs on shrubby vegetation, and females care for their offspring until the juvenile 
stage (Santiago 2022). Adult spiders build refuges using two green leaves that are con- 
nected by silk, thereby forming a roof-like structure, which shelters the female and its 
offspring under the abaxial surface of the leaves (Fig. 1A, B). After dispersion from the 
nest, the juvenile spider moves to the adaxial surface of another leaf and takes refuge by 


connecting the side of edges of the leaf using silk threads (Fig. 1C, D). 


Tromatobia sp. 


The undetermined Tromatobia differs from the Costa Rican species (see Gauld et al. 
1998), the South American 7! /ineiger Morley, 1914 (digital images analysed), and 
LT. huebrichi (Bréthes, 1913) (see Porter 1979) by the combination of the following 
character states: pronotum without a small shelf-like projection; small ovipositor, 1.0— 
1.1 times as long as hind tibia; mesosoma reddish and metasoma blackish with thin 
white strips on the posterior margin of tergites. It was not possible to make a detailed 
comparison of most South American species (except 7’ lineiger and T’ huebrichi) be- 
cause the descriptions are old and succinct, based mainly on coloration. So we prefer 
to proceed with caution and leave it as an indeterminate species. 


Study area 


We conducted our study near the Base de Estudos de Ecologia e Educacéo Ambien- 
tal da Serra do Japi, Jundiaf, Sao Paulo, Brazil (1000 m above sea level; 23°13'53"S, 
46°56'09"W), where there is a well-established and easily accessible population of 
C. compressa (Santiago 2022). The site is an environmentally protected area that consti- 
tutes one of the few remnants of the Atlantic Forest in southeastern Brazil. The reserve 
has a predominantly semi-deciduous mesophyll forest with distinct phytophysiogno- 
mies along an altitudinal gradient from 700 to 1300 m above sea level (Leitao-Filho 
1992). The climate is CWA in Képpen’s classification (Alvares et al. 2013), which is 
characterized by hot/rainy summers and cold/dry winters with average monthly tem- 
peratures ranging from 13.5 °C in July to 20.3 °C in January (Pinto 1992). Serra do 
Japi is a hotspot for spider-wasp interactions and is one of the most studied areas with 
respect to these interactions in the Neotropical region (Gonzaga et al. 2017). 
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Figure |. A upper view of the refuge of leaves constructed by subadult and adult individuals of C. com- 


pressa B adult female of C. compressa and the offspring (3° and 4° instar spiders) within the refuge under 
the abaxial surface of the leaves C refuge of juvenile spiders on the adaxial leaf surface D post-dispersion 


juvenile of C. compressa on its refugee. Photos: Brenda Santiago. 


Field observations and data collection 


One of us (first author BKSS) conducted monthly inspections from April 2021 to 
March 2022 to collect adult females and egg sacs of C. compressa on shrubby vegetation 
along forest edges and ecological trails in the study area. Each inspection consisted of 
visual searches with a sampling effort of four to five hours during the daytime (09:00 to 
13:00). We maintained the female spiders we found and their respective egg sacs in the 
laboratory inside individual plastic pots containing pieces of cotton soaked in a liquid 
nutrient solution. We then recorded traits of non-attacked and attacked egg sacs (e.g., 
color, shape, number of eggs, and number of wasp cocoons), in addition to biological 
and behavioral data on maternal care performed by C. compressa. We also recorded 
under laboratory conditions the behaviors of one adult female spider guarding its own 
egg sac (hereafter “native”) attacked by Tromatobia sp., and after we offered an attacked 
ege sac acquired from another spider in the field (hereafter “alien”). We fixed the adult 
wasps that emerged from the cocoons in 70% alcohol for subsequent identification. 


To obtain digital images of adult wasps and pupa, we used a Leica DMC4500 digital 
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camera attached to a Leica M205A stereomicroscope and stacked multiple layers using 
the software Leica Application Suite V4.10.0. 

We deposited wasp voucher specimens in the Invertebrate Collection of Instituto 
Nacional de Pesquisas da Amazénia (curator J. A. Rafael) and spiders in the arach- 
nid collection of the Taxonomic Collections of Universidade Federal de Minas Gerais 
(curator A. J. Santos). 


Results 


We collected 22 egg sacs of C. compressa (N = 6 in January, N = 10 in February, N = 4 
in March, N = 1 in April, and N = 1 in May), of which five (22.7%) were attacked by 
Tromatobia sp. Healthy egg sacs harboured an average of 46 + 21 eggs (N = 17), were 
light in color, round-shaped (diameter = 10.1 + 3.7 mm, N = 17), and were usually 
located under the bodyguard of the adult female (Fig. 2A). The morphology of egg sacs 
that were attacked by Tromatobia sp. was found to be altered after the development 
of wasp larva; they were elongated and oval (average total length = 9.1 = 1.2 mm and 
average total width = 2.5 + 0.9 mm, N = 3), with the shape of cocoons adhered to 
each other longitudinally, on their longer sides. At this stage, the wasp cocoons, grey 
or brownish in color (Fig. 2B) became exposed and interspersed with a few silk rem- 
nants of the original egg sac (Fig. 2C). The attacked egg sacs that were collected in the 
present study contained two (N = 3) or three (N = 1) cocoons of Tromatobia sp. Adult 
wasps emerged through holes with approximately 2 mm in diameter located in the 
apical portion of the cocoon (Fig. 2D). In total, we obtained nine adult individuals of 
Tromatobia sp. (Fig. 2E), five females (average body length = 7.3 + 0.9 mm) and four 
males (body length = 6.6 + 0.8 mm). 

We observed that the maternal care provided by C. compressa included the protec- 
tion of egg sacs under the female body, between the forelegs and held by the pedipalps. 
We also registered the same behavior of females protecting the cocoons of Tromatobia, 
even in the case when predators had already fed on the entire egg mass (Fig. 2B). In 
addition, we observed that the spider we offered an alien egg sac adopted and attached 
it to the native egg sac. The spider bodyguarded both egg sacs containing wasp cocoons 
until an adult wasp emerged from the native egg sac. At this time, we removed the 
female spider and left the alien egg sac alone and undisturbed for 68 days; however, 
adult wasps did not emerge from this egg sac. Then we opened it carefully and found a 
cocoon with a dead male adult wasp almost fully-developed inside (Fig. 2F). 


Discussion 


To the best of our knowledge, this is the first report on an interaction between 
Tromatobia and Chrysso. Previous studies have indicated a strong affinity of Tromatobia 
for araneid orb-web spiders, with a few unusual records of attacks on other families 


108 Brenda Kelly Souza-Santiago et al. / Journal of Hymenoptera Research 95: 103-112 (2023) 


4 
‘ | 
eo | Fi 
be dn! ae By 
\ L 


Figure 2. A adult female of C. compressa taking care of the egg sac B adult female of C. compressa taking 
care of cocoons of the egg predator wasp Tromatobia sp. C cocoon of the egg predator wasp Tromatobia sp. 
D cocoon hole through which adult wasps of Tromatobia sp emerge. E lateral view of an adult female of 
Tromatobia sp., and F lateral view of an adult wasp that did not emerge from the cocoon. Photos: Brenda 
Santiago and Diego Padua. 


including Theridiidae that construct three-dimensional webs. However, some records 
are rather poorly documented and potentially unreliable. Thus, our report is prob- 
ably the best-documented record of Tromatobia parasitising non-araneid spiders. We 
showed that Tromatobia wasps could overcome anti-predator barriers and affect more 
than 20% of C. compressa egg sacs. Unlike the case of egg parasitoid species, in which 
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each wasp attacks an individual spider egg, Tromatobia sp. consumes the entire egg mass 
and affects the spiderling population to a greater extent. We recorded two to three co- 
coons per egg sac, similar to the observation made by Sobczak et al. (2012) for the sym- 
patric orb-web spider Araneus omnicolor Keyserling 1893. However, other studies have 
reported instances where up to 14 individuals were observed per egg sac in Tromatobia 
species (e.g., Nielsen 1923; Jiménez 1987). Hence, is still unknown whether there is 
an optimal number of eggs and whether and how larvae compete for food resources. 

Behavioral manipulations of hosts induced by parasitoid species have been well- 
studied in the last few years (Weinersmith 2019). In cases involving spiders and wasps, 
parasitoid species can alter host behavior by inducing the construction of modified 
webs that are used to protect the cocoon, thereby maximizing survival (Eberhard 2000, 
2010; Gonzaga et al. 2017). However, Tromatobia sp. does not change the behavior of 
C. compressa but takes advantage of bodyguarding, a pre-existing behavior of maternal 
care. Although there is an evident morphological change in the egg sac, the wasp may 
use concealment mechanisms, such as chemical or tactile camouflage (Kaminski et al. 
2020), to deceive adult spiders. We observed that the wasp of the alien egg sac that 
was adopted by C. compressa in the laboratory did not emerge from the cocoon after 
we removed the female spider. This anecdotal report suggests that the presence of adult 
females may be important for wasps. Hence, the effect of bodyguarding behavior on 
wasp survival should be further investigated in future studies. 

Ege protection is crucial for the survival of spider progenies given the high di- 
versity of selective pressures exerted by multiple predators and parasitoids (Bristowe 
1971; Li et al. 1999; Yip and Rayor 2014). The behavior of many spider species that 
keep their egg sacs suspended, for example, is a strategy to avoid attack by wandering 
generalist predators, such as ants (Turnbull, 1973), but using this strategy can increase 
the conspicuousness of egg sacs to visually oriented predators (e.g., birds and wasps, 
Hieber 1992). Instead, egg sacs of C. compressa are usually under female guard within 
the refuge, and attacks may occur during foraging when females move to the web to 
catch prey. However, it is still unknown how Tromatobia sp. adults overcome the bar- 
riers of C. compressa in detecting, reaching, and successfully attacking egg sacs. In this 
way, further investigation should focus on identifying specific behaviors performed by 
the wasps and cues provided by spiders that facilitate egg predation. 
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